Introduction
Extracellular polysaccharides (EPS) of black yeasts in the ascomycete order Dothideales have received special attention, particularly in the genus Aureobasidium. Aureobasidium pullulans (De Bary) Arn. is of practical interest, since its EPS has been widely employed in biotechnology and the food industry [1] . Aureobasidium and related genera are plant-associated fungi which are extremely rarely involved in human disease [2] . For this reason black yeast EPS has never been regarded as a virulence factor. However, some black yeasts belonging to the order Chaetothyriales also produce extracellular slimes and are frequent agents of mycoses in immunocompromised or debilitated patients, as well as in otherwise healthy hosts. Most of these infections are superficial, but in some species they may be devastating and fatal. In the genus Exophiala, capsular material was reported around very young cells of Exophiala spinifera (Nielsen & Conant) McGinnis and Exophiala jeanselmei (Langer.) McGinnis & Padhye [3; identity unconfirmed] and acid mucopolysaccharides were observed around yeast cells of Exophiala dermatitidis (Kano) de Hoog [4] . It is remarkable that the polysaccharides are specifically associated with the most virulent species of the genus, and hence a role in pathogenicity towards humans may be surmised. Nishimura and Miyaji [4] supposed a role in the interaction between yeast cells and mononuclear neutrophils in mice.
The present article focuses on capsular or EPS in a wider array of Exophiala species. The polysaccharide-like compounds may be characteristic for the species, but their presence shows infraspecific variation. Optimal conditions for the production of extracellular material are established in an attempt to determine their diagnostic value. A protocol for their use in identification of E. spinifera and E. dermatitidis is provided.
Materials and methods

Strains and culture conditions
The strains studied are listed in Table 1 : CzNHA30. In media containing 20 g l )1 sucrose the C ⁄ N ratio is maintained at 17, whereas in media with 30 g l )1 sucrose, this ratio is 25. Cultures were incubated at 15, 24, 37 and 40°C. At 40°C, only E. dermatitidis showed good growth.
Seven-day-old cultures on PDA at 24°C were used to inoculate tubes with 5 ml of liquid potato glucose (PDL) and the liquid Czapek (CzL) variants CzL20, CzL30, CzNHL20 and CzNHL30, as well as to 250 ml flasks containing 75 ml liquid medium PDL and CzNHL30. The cultures were incubated at 15, 24 and 37°C. All liquid media were shaken at 200 r.p.m.
Aureobasidium pullulans var. pullulans, CBS 584.75, which is known to synthesize the exopolysaccharide pullulan and A. pullulans var. aubasidani Yurlova, CBS 100524, which is known to synthesize the exopolysaccharide aubasidan [5] were used as controls.
Capsular and EPS observation
Production of extracellular material was investigated regularly during 2-7 days of growth. Positive staining was carried out with alcian blue (Sigma, Zwÿndrecht, The Netherlands), a polyvalent, coppercontaining phthalocyanine basic dye, dissolved in (Table 2) . Capsules were somewhat thicker in shaken liquid versions of the same media. Little difference was observed when sucrose concentrations in Czapek media were altered. In contrast, the use of ammonium as an N-source led to a nearly threefold reduction of capsular sizes (P < 0.05). Capsules were generally small in cultures grown at 37°C, particularly with solid medium. The capsular size was not significantly influenced by the C ⁄ N ratio ( Table 2) . Some of the cells in very young colonies (1-2 days) of Aureobasidium pullulans produced capsular material. After more than 3 days the extracellular material had irregular and diffuse margins and often extended around several adjacent yeast cells. With alcian blue or mucicarmine staining a fibrillar substructure was revealed. The same substructure was observed in Exophiala dermatitidis when EPS was stained with alcian blue or mucicarmine. With alcian blue, light blue-stained material was seen to coalesce and often extended to include several yeast cells. Similar observations were made using mucicarmine. The optimal temperature for EPS production was 24°C (Table 3 ). The C ⁄ N ratio in the modified Czapek agars and liquid media did not influence the production of EPS in these species.
Exophiala dermatitidis strains CBS 109136 and CBS 109139, both isolated from a steam bath, had a slimy phenotype and were confirmed to produce EPS (Fig. 5) , whereas CBS 109140 and CBS 109143, from the adjacent hall of the same bathing facility [6] and having the same genotype [7] , were dry and lacked EPS.
A (Fig. 6) . The material was fibrillar when seen in alcian blue and mucicarmine staining. The optimal temperature for production was 24°C (Table 3) .
Discussion
The irregular extracellular polysaccharide of Aureobasidium pullulans resembles that of Exophiala dermatitidis in all respects, with alcian blue-or mucicarmine-stained material revealing a fibrillar substructure as a main characteristic. In contrast, E. spinifera had regular, sharply defined halos around single cells in India ink and lacked any substructure in alcian blue or mucicarmine. There is a significant morphological difference between the well-defined capsular material of E. spinifera on the one hand, and the diffuse EPS of A. pullulans and E. dermatitidis on the other. It is remarkable that two different types of mucus are produced within the genus Exophiala.
The quantity of both types of polysaccharide is influenced by the same set of key factors in all species. The optimal temperature was 24°C, whereas the largest amounts were formed on the natural medium PDA. On artificial media the production was consistently lower, and in E. phaeomuriformis it fell below the detection limit. Extracellular pullulan production in Aureobasidium is known to be affected by both type and concentration of nitrogen sources in the growth medium, and on artificial media is optimal with ammonium sulphate [5, 8, 9] . Sodium nitrate is optimal for aubasidan production in A. pullulans var. aubasidani [5] , as well as for the as yet unidentified compound produced by E. spinifera.
The presence of capsules or diffuse EPS in E. spinifera and E. dermatitidis was consistent among strains, although some variation was noted in the amount produced. The quantity produced in early growth accounts for the slimy nature of young colonies of nearly all strains of both species. Matos et al. [6] isolated E. dermatitidis strains of uniform genotype from a single bathing facility [7] and found that these strains had a lower maximum growth temperature. There are also differences in viscosity [N. A. Yurlova, unpublished data]. The dry phenotype found in some of these strains correlated with the ability to grow at 42°C and a lack of EPS. The loss of EPS in E. dermatitidis is therefore associated with decreased thermotolerance. Since thermotolerance is a condition for pathogenicity, a role for EPS in virulence in Exophiala may be surmised.
Low quantities of EPS were observed in the yeast phenotype of E. phaeomuriformis. This species is phylogenetically related to E. dermatitidis; it has some striking physiological properties in common with that species [10] . Detectable extracellular material is not known to be produced by any of the remaining Exophiala species. Thus, this character can be used for phenotypic recognition of E. spinifera and E. dermatitidis, which are among the clinically most relevant species of the genus [10] . Rapid recognition of these species can be accomplished using 5-day-old cultures grown on (Table 4 ). This method is quick, simple and cheap, and is particularly useful in that it can be carried out using only the yeast phase primary cultures without requiring the extended incubation often needed to induce the formation of the characteristic structures of the filamentous Exophiala synanamorph. 
